The present study reports the photocatalytic degradation of aldehydes using TiO 2 impregnated polyester (PES) and glass fiber (GFT)-TiO 2 addressing the photocatalytic degradation aldehydes (air-solid interface). The PES-TiO 2 optical absorption was determined by diffuse reflectance spectroscopy (DRS). By X-ray diffraction (XRD), the formation of TiO 2 anatase on the PES surface was detected.
Introduction:
VOCs have been found to be hazardous to the human health and introduce collateral environmental damage. VOCs are discharged into the atmosphere by households and industry, and found in the exhaust gases from animal quartering, and residential cleaning agents. Damaging health effects have been reported on the eyes, nose and throat. They also lead to headaches, loss of coordination and nausea, damages to the liver, kidney and the central nervous system [1] . Moreover, they can induce cancer in animals; and can cause cancer in humans [2] . The technologies developed until now to remove VOCs have not been entirely successful and do not meet the regulatory levels becoming more demanding during the last decade. Recently studies report the aldehyde removal by adsorption [3] , biological treatment [4] and advanced oxidation processes (AOP's).
Photocatalytic TiO 2 materials have been widely used during the last four decades due to their low cost, photo-activity and stability [5] . TiO 2 is widely used in catalytic processes occurring at the air-solid interface at room temperature and atmospheric pressure [6] [7] [8] . TiO 2 (titania) stands out as one of the most active photocatalyst [9] under UV-radiation. The electrons in the valence band of TiO 2 under light move to the conduction band generating electron (e -)-hole (h + ) pairs. These electrons in contact with air are able to reduce the O 2 forming superoxide ions. Moreover, the holes oxidize water adsorbed on the TiO 2 -surface generating hydroxyl radical (HO°) [10] [11] . The later radical species oxidize organic compounds to produce CO 2 [12, [13] [14] [15] . TiO 2 has been also used in chemical synthesis [16, 17] and energy conversion [18] .
Many research groups studied the photocatalytic oxidation for indoor and outdoor cleaning under UV and/or solar light. The reaction rate of a photocatalytic reaction depends on the catalyst, the applied light intensity, the concentration of reactants (in our case gaseous effluents), the flow rate and the type of reactor used (batch or continuous) [9, 12] . This paper presents the optimization for the TiO 2 impregnation on two supports: polyester (from now PES) and Glass Fiber Tissue (from now GFT). It reports some properties of these surfaces [19] along the Langmuir Hinshelwood (L-H) isotherm followed during the photocatalytic degradation of the two aldehydes. The first evidence for the degradation kinetics for gas-phase PCO of aldehydes is presented on PES-TiO 2 and GFT-TiO 2 . Butyraldehyde and isovaleraldehyde were chosen as probes due to their abundant presence in exhaust gases from animal process/quartering [20] .
Experimental Section 2.1. Chemical reagents
Chemicals were Sigma-Aldrich (USA). The isovaleraldehyde (≥ 98%) and butyraldehyde (≥99%) were p.a. reagents and used as received. Both aldehydes belong to the priority group of VOCs pollutants: aromatics (one, two or three rings) alkanes, ketones, alcohol, and chloro-carbons by the French Environment and Energy Management Agency (ADEME).
Apparatus and Analysis:
The batch reactor used was approximately 400 mm high and was able to contain a volume of 1. During the course of this study a aldehyde samples were injected into the reactor. A magnetic stirrer and some glass spheres were used to homogenize of the inlet gas phase. When the equilibrium was reached, the UV lamp was turned on.
Samples were taken regularly from the reactor for analysis.
The main reaction intermediates present in gas phase were analyzed to suggest at later stages during this study a reaction mechanism. Carbotrap compositions were used to concentrate the pollutiants: Carbopack Y, is used for the selective retention 
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Glass Fiber Tissue (GFT)
The glass-fiber(GFT) was provided by Ahlstrom Research/Services [12] . This material contained colloidal silica, a variable percentage of titanium dioxide, manganese dioxide nanoparticles and inorganic fibers as shown in Figure 2a . TiO 2 was deposited on the inorganic fibers by impregnation using an industrial-size press as shown in Figure 2b . A mixture of 50-wt% colloidal silica and different wt% of TiO 2 nanoparticles (PC500 Millennium) and manganese dioxide is suspended in pure water. In order to ensure the deposition of 13 g/m 2 of dry TiO 2 on the GFT support.
The suspension was composed of 40% of dry powder and 60% of pure water. The PES-TiO 2 samples were prepared hydrothermal (HT) preparation treatment method. During the HT-preparation, the TiO 2 colloidal suspension was prepared dissolving titanium tetra-isopropoxide (TTIP, Sigma Aldrich) in isopropanol in a 1:3 volume ratio. Then, the solution was transferred into a beaker with 50 ml of 0.1M HNO 3 . This way of preparation lead to a substantial TiO 2 aggregation. To study the effect of these aggregations on the photocatalytic activity, some samples were ultrasonicated for 10 min prior to the PES impregnation; these samples will be called USTiO 2 -PES along the manuscript. The polyester samples 10x10 cm was immersed into the acid TiO 2 precursor suspension and heated under stirring in a reflux condenser for 2 hours at 80°C. The PES fabric was removed from the suspension, rinsed with demineralized water and treated in ultrasound bath for 2 min to remove the unbounded TiO 2 particles. The last operation was repeated three times and the TiO 2 -polyester fabric dried for 2 hours in air at 70°C.
The low surface energy of polyester led to poor TiO 2 nanoparticles adhesion. In order to fix a higher amount of TiO 2 on PES, the PES was pretreated by UVC-light to induce a higher density of functional polar groups able to bind TiO 2 nanoparticles [21] . UVC pretreatment enhances the polarity, roughness and hydrophilicity of polyester improving its bondability and interfacial adhesion. The UVC pre-treatment 
Pollutants degradation conditions
Degradation of isovaleraldehyde and butyraldehyde in the photocatalytic reactor was evaluated for several influent pollutant concentrations (Table 1) . The diffuse reflectance spectra (DRS) in Figure 3 The rough UV-Vis reflectance data cannot be used directly when accounting for the absorption coefficient of the TiO 2 -impregnated polyester due to the large scattering contribution. Normally, a weak dependence is assumed for the scattering coefficient S on the light diffusion.
In agreement with the Derjaguin-Landau-Verwey-Overbeek (DLVO) theory of colloidal stability, nanoparticle aggregation sets in at pH close to the TiO 2 IEP 6-7
used during the preparation of the TiO 2 colloidal suspensions due to the attractive Van der Waals forces. The TiO 2 single particles present sizes between 40-60 nm.
The hydrodynamic diameter of the aggregates was found to be 170-240 nm and is approximately equivalent to 3-6 primary TiO 2 particles [19] , aggregates involve a higher mass of TiO 2 but a lower surface per particle active intervening in the photocatalytic process.
Pollutant degradation
To separate the effects of photocatalysis and adsorption, the VOC with a respectively. These rates were similar to the values reported for some VOCs [11] [12] [13] [14] . We suggest that the degradation mechanism of the aldehydes on supported-TiO 2 involve TiO 2 electrons in the conduction band (cb) reacting with adsorbed O 2 on the TiO 2 yielding HO 2° radical-anions and other highly oxidative protonated radicals leading to the oxidation of the aldehydes [10, [21] [22] [23] . 
Comparison with other photocatalyst (GFT)
The PES-TiO 2 and the (GFT)-TiO 2 samples presented a similar TiO 2 loading as determined by XRF of 0.61 wt%/wt-PES and 0.57 wt%/wt-GFT. PES and GFT did not led to aldehyde degradation in the dark or under light irradiation. Butyraldehyde, removal on GFT was about twice faster compared to PES, it reaches 90% removal in 30 minutes on GFT-TiO 2 as seen in Figure 5a . On PES-TiO 2 about 90% of butyraldehyde was removed within 60 min. The TiO 2 accessibility to lower depths in the GFT glass-wool containing TiO 2 dispersed nanoparticles offer a higher number of active sites per nanoparticle in the glass wool compared to the PES support. [14] . According to the values reported in Figure 5b , the values of the L-H constants (k c and K) are shown in the Table 2 . 
By-products Identification
The by-products detected during the photocatalytic degradation of butyraldehyde on PES-TiO 2 were determined by GC-MS. The degradation by-products detected were: methanol (2) acetone (3), ethyl acetate (4), acetic acid (5) and propionic acid (6) . Butyraldehyde (1) was also present after 30 minutes. These results are similar to those reported by Assadi et al. [25, 26] , reporting acetic, propionic, and butyric acids.
Assadi el al., used GFT-TiO 2 for the isovaleraldehyde photodegradation and detected propionic acid, acetone, acetic acid and CO 2 as the degradation products. Figure 6 . By-products observed during butyraldehyde degradation by GC-MS on PES-TiO 2
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Catalyst recyclability
The reusability of the used catalyst is an important factor to investigate since it is a measure for its practical application potential degrading pollutants in the gas phase [27] [28] . The repetitive use of the GFT-TiO 2 photocatalyst up to the 5 th cycle leading to butyraldehyde degradation is shown below in Figure 7 . No loss of activity was detected by the photocatalyst during its repetitive recycling as shown in Figure 7 . The catalyst was thoroughly washed after each photodegradation cycle and reused. The results reported in Figure 7 show the potential of the GFT-TiO 2 samples for application in air treatment. 
Conclusion
Butyraldehyde and isovaleraldehyde degradation mediated by PES-TiO 2 and GFT- 
